This work establishes that cessation of root elongation of intact squash (Cucurbita pepo L.) plants is an early result of boron deficiency. Root elongation is slowed by 6 hours and is virtually stopped as early as 24 hours after boron is first withheld from the nutrient solution. As root elongation ceased, cell elongation progressed distally into the region normally occupied by the apical meristem and eventually the meristem became indistinguishable. Differentiation was determined by use of an elongation index in which cell length was compared to cell width. This index ranged from a low of 0.8 in boron-sufficient root meristems to a high of 3 in root meristems grown in a boron-deficient nutrient solution for 98 hours. It is concluded that a continuous supply of boron is not essential for cell elongation but is required for maintenance of meristematic activity. Boron may act as a regulator of cell division in this tissue. treated and were grown in modified Shive nutrient solution containing boron (+B) as described by Albert and Wilson (1). On the 5th day, roots were washed and placed into either freshly prepared modified Shive nutrient solution to which boron was added (+B) or into nutrient solution without added boron (-B). Water for both types of solutions was obtained by passing distilled H2O through a Millipore Milli-Q2 system. Just before placing the plants into +B or -B nutrient solutions, two roots/ plant were marked by placing small India ink marks 10 mm from the root tip. Subsequent root elongation was determined by measuring the distance from the root tip to the mark. Net root elongation was determined after periods of 0, 6, 12, 24, 48, 72, and 98 hr of +B and -B treatment and root tips were harvested for histological examination at these times. The terminal 1 cm of each root was excised, fixed in formaldehyde-acetic-acid-alcohol (6), dehydrated, embedded in paraffin, sectioned, and stained with Sharman stain (11).
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Alexander (2) studied the onset of boron deficiency in squash plants grown in solution culture in which boron was withheld. He examined the roots of boron-deficient plants after periods of 48, 72, and 98 hr of boron deficiency to observe histological effects of the treatment. After 48 hr of boron deficiency, he reported a decrease in the size of the root cap; collapsed, disintegrated, and enlarged cells or groups of cells in the peripheral portions of the stele; and differentiation close to the root meristem. Examination of roots after 98 hr of boron deficiency commonly revealed death of the extremities of the tip. In the region of elongation, individual cells could no longer be recognized. Varying degrees of response were observed in any given experiment.
Other workers have questioned whether boron is necessary for either cell elongation or cell division. Alexander (2), Neales (7) , and Sommer and Sorokin (8) suggested that the primary influence of boron is not on cell division since abortive lateral primordia are formed in boron-deficient roots. Normal mitoses occurred as lateral meristems began development but cell division ceased soon thereafter. On the other hand, several investigators have suggested that boron is required for cell division (5, 9) . For example, in boron-deficient field beans, very low mitotic indices are observed (10) . Recently, we have reported that intact borondeficient squash roots quickly lose their capacity for DNA synthesis and cell division (4 beginning from the 5th day onward). Measurements made during the first 24 hr of boron deficiency are presented in Figure 1 . All points represent means of at least 100 roots. At all times, the mean total elongation of the intact + B roots exceeded that of the intact -B roots. Even more apparent is the difference in elongation rates between +B and -B intact roots. After 6 hr of treatment, the +B roots had elongated at a rate of 1.5 mm/hr while the -B roots had elongated at a rate of only 0.5 mm/hr. After 12 hr, the elongation rate of the +B roots (1.5 mm/hr) greatly exceeded the elongation rate of the -B roots (0.2 mm/ hr). This difference became even more exaggerated after the third and fourth 6-hr periods as the elongation rate of the -B roots decreased to essentially zero while the elongation rate of the +B roots increased to 1.8 and 2.6 mm/hr, respectively. The growth rate of the +B roots increased during the period from 0 to 24 hr of treatment while that of the -B roots decreased to zero during the same period.
Qualitative Histology. As viewed in median longitudinal section (Fig. 2) Cells located in the region 160 to 320 ,um proximal to the meristem were always more elongated than those located in the region 0 to 160 ,um proximal to the meristem. Cells located farther from the meristem are produced earlier in time than those located closer to the meristem and thus they would be expected to be longer since they had been developing into tissues of the stele for a longer time than had cells produced more recently. All of the observed cells began their differentiation by cell elongation in the presence of boron. Their continued and progressive elongation during periods of 24, 48, and 72 hr of boron deficiency indicates that the process of cell elongation in these roots is not dependent on a continuing supply of boron.
Birnbaum et al. (3) reported that boron appears to be involved in elongation of fibers developing on excised, unfertilized, hormonally stimulated, cotton ovules grown in vitro. It is presently unclear what relationship these tissues and this system have to those employed in the present study.
Total root elongation, which is a result of two processes, cell division and cell elongation, was observed to decrease essentially to zero after a period of 24 hr of boron deficiency. This lack of root elongation cannot be attributed to a cessation of cellular elongation as this continued up to 72 hr of boron deficiency (Table I) . Thus, cessation of total root elongation was caused by a failure of cell division in meristematic cells. The meristem is therefore no longer able to progress ahead of the region of cell elongation and ultimately, elongation progresses into the region normally occupied by the meristem which then is no longer distinguishable or functional.
This conclusion is further supported by autoradiographic evi- 
